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Like many developing  c o u n t r i e s ,  Madagascar ha rd ly  manages t o  g e t  a p r e c i s e  
and quan t i zed  no t ion  about  i t s  eccnomical r e a l i t i e s .  Space images a r e  then  of  
g r e a t  i n t e r e s t ,  p a r t i c u l a r l y  f o r  a c r e a g e s  e s t i m a t i o n  o f  c rops  i n  a g r i c u l t u r a l  
s t a t i s t i c s .  
B u t  t h e i r  use i n  an o p e r a t i o n a l  way c a n ' t  be done wi thout  some problems,  
mainly t h o s e  about  c o s t s .  I n  f a c t ,  if a g r i c u l t u r a l  s t a t i s t i . c s  a r e  done eve ry  
y e a r ,  i t  i s  imposs ib le  f o r  a deve lopping  count ry  t o  buy  a l l  t h e  images c o v e r i n g  
an a r e a  (money) ,  t o  e x p l o i t  a l l  of them (need  of  g r e a t  c o m p u t e r s . . . ) ,  and t o  
have r e s u l t s  i n  due t ime.  
S o  m u s t  be found a way of reducing  t h e s e  t h r e e  k i n d s  o f  c o s t s .  I t  means 
t h a t  t h e  a p p r o p r i a t e  method m u s t  be a b l e  t o  s u p p l y  r e s u l t s  on some a r e a ,  even i f  
i t  i s  no t  covered by a l l  t h e  images used.  
O u r  approach t ends  t o  t h i s ,  and compr ises  t h e  fo l lowing  s t e p s  : 
- s e l e c t i o n  of  a r e p r e s e n t a t i v e  image:a l l  t h e  phenomena e x i s t i n g  i n  t h e  a r e a  
s t u d i e d  ( i t  can be f o r  i n s t a n c e  a p rov ince )  m u s t  be on t h e  image 
- s e l e c t i o n  of  a d a t e ,  where most of t h e  c r o p s  of a y e a r  a r e  p r e s e n t  
- s t r a t i f i c a t i o n  of t h e  s t u d i e d  a r e a  
- c o n s t r u c t i o n  of parameters  f o r  p a t t e r n s  ( c r o p s )  r e c o g n i t i o n  ( a c t u a l l y  we work  
on r i c e )  
- e s t i m a t i o n  o f  c rops  a c r e a g e  i n  some a r e a  
S e l e c t i o n  of  a r e p r e s e n t a t i v e  image 
T h e  purpose i s  t h a t  a l l  t h e  phenomena, r e l a t e d  t o  a g r i c u l t u r e ,  e x i s t i n g  i n  
t h e s t u d i e d  a r e a ,  m u s t  be present ,  on t h e  image. The a r e a  i s Icomposed  of 17 t y p e s  
ag ro -eco log ic .  So t h e  image ( o r  images)  t o  be used m u s t  have a l l  ( o r  a t  l e a s t  
mo.st) o f  t h e s e  17 t y p e s .  
Each image-is  c h a r a c t e r i z e d  by  a l l  t h e  t y p e s  ag ro -eco log ic  p r e s e n t  on i t ,  
and then  th-e*Òne having a l l  ( o r  t h e  most)  of  t h e  t y p e s  ag ro -eco log ic  i s  s e l e c -  
t e d .  I f  an image i s  not  s u f f i c i c n t ,  a s e t  can b e  s e l e c t e d .  
c 
S e l e c t i o n  o f  a d a t e  
T h e  purpose i s  t o  f i n d  i n t e r v a l s  of t ime ,  i n  which t h e  s e l e c t e d  image can 
s u p p l y  a maximym of  r e s u l t s  about  c r o p s .  So t h e  sea rched  i n t e r v a l s  m u s t  be i n  
s u c h  a way t h a t  : 
- t h e  image h a s  most of  t h e  c r o p s ,  c u l t i v a t e d  d u r i n g  an a g r i c u l t u r a l  yea r  
- Lhc..;c crop:; a r c  i n  t l i . f f c rcn t  ctntc:;, [ 'ur maximum d.¡scrirnin:ition. 
So each month o f  t h e  y e a r  i s  dec r ibed  by a l l  t h e  c rops  of  t h e  r e g i o n ,  and 
t h e i r  s t a t e s  i n  them. A m a t r i x  i n  presence/absence ( 0 / 1 )  is o b t a i n e d  : i f  i n  a 
montha c rop  i s  p r c s e n t  ( a b s e n t )  i n  a p a r t i c u l a r  s t a t e ,  then i t  i s  coded 1 ( O ) .  
Using a h i e r a r c h i c a l  c l u s t e r i n g  method on t h i s  m a t r i x ,  we o b t a i n  c l a s s e s  
of  monthes. 
Each c l a s s  i s  c h a r a c t e r i z e d  b y  c r o p s  a n d  s t a t e s  of c r o p s .  So i t  i s  easy  t o  
s e l e c t ,  under t h e  c o n d i t i o n s  of ou r  approach,  a c l a s s  having t h e  more c r o p s  and 
t h e  more s t a t e s  of c r o p s ,  i n  which an image w i l l  be l o o k  f o r  ( s e e  t a b l e  1 ) .  
S t r a t i f i c a t i o n  
Remembering t h a t  we m u s t  reduce t h e  c o s t s  of  e x p l o i t a t i o n  and t i m e ,  b e f o r e  
c l a s s i f i c a t i o n  and s t r a t i f i c a t i o n ,  a r e d u c t i o n  of  t h e  number of t h e  p i x e l s  and 
t h e  v a r i a b l e s  m u s t  b e  done. 
Reducing t h e  number of p i x e l s  i s  c a r r i e d  o u t  i n  two s t e p s .  F i r s t  by  redu- 
Cons ide r ing  t h e  image, i t  can be n o t i c e d  t h a t  t h e r e  a r e  r edundanc ie s  on i t ,  
i n  terms of  a g r o - e c o l o g i c a l  t y p e s .  S o  i t  can be reduced i n  such a way t h a t  w i l l  
s t a y ,  on ly  t h e  s t r i c t  m i n i m u m  r e q u i r e d  f o r  c l a s s i f i c a t i o n .  To do t h i s  t h e  a r e a  
of t h e  image h a s  been d i v i d e d  i n  108 q u a d r a t s ,  c h a r a c t e r i z e d  by  e x t e n s i o n  o f  t h e  
a g r o - e c o l o g i c a l  t y p e s .  On t h e  b a s i s  of t h i s  v a r i a b l e ,  2 8  q u a d r a t s  have been 
s a m p l e d ,  t o  c o n s t r u c t  t h e  reduced image. 
c i n g  t h e  image i t s e l f ,  a n d  second by sampling p i x e l s  i n  a s y s t e m a t i c  way. 
A f t e r ,  a t  each time, c l a s s i f i c a t i o n  needs t o  be done, p i x e l s  a r e  sampled 
s y s t e m a t i c a l l y .  
For c l a s s i f i c a t i o n  and s t r a t i f i c a t i o n ,  t h e  number of va r i ab le s  h a s  been 
reduced by  u s i n g  a c a n o n i c a l  d i s c r i m i n a n t  a n a l y s i s  appr0ac.h. 
F i r s t  t h e  p i x e l s  has  been c l a s s i f i e d  i n  two, b y  a non h i e r a r c h i c a l  c l u s t e -  
r i n g  method, r e l a t e d  t o  n e a r e s t  c e n t r o i d  c l a s s i f i c a t i o n .  These two c l a s s e s  
being t h e  most d i f f e r e n t  i n  t h e  d a t a ,  a p r o j e c t i o n  of  t h e  v a l u e  of  a l l  t h e  p i -  
x e l s  of  t h e  image, o'n a f a c t o r i a l  a x i s  g iven  by a c a n o n i c a l  d i s c r i m i n a n t  ana ly -  
s is  on them, w i l l  o r g a n i z e  t h e  v a l u e s  between t h e s e  two ex t r emes .  These two 
extremes b e i n g ,  i n  an hand t h e  most a b s o r b i n g ,  and i n  o t h e r  hand t h e  most r e -  
f l e c t i n g .  S o  by doing c l a s s i f i c a t i o n ,  and s t r a t i f i c a t i o n  on t h i s  f a c t o r i a l  d i s -  
c r i m i n a n t  a x i s ,  w e  g e t  c l a s s e s  o rgan ized  from a b s o r p t i o n  t o  r e f l e c t i o n ,  t h e  
c l a s s e s  be ing  r e l a t e d  t o  s t a t e s  a c t u a l l y  e x i s t i n g  on t h e  ground,  [ f l o o d e d  a r e a  
w i l l  b e  i n  a b s o r b i n g  c l a s s ,  and g reen  v e g e t a t i o n  ( c h l o r o p y l l )  w i l l  be i n  r e f l e c -  
t i n g  c l a s s ) . O n  t h i s  unique v a r i a b l e ,  d i s c r i m i n a t i o n  between s t r a t a  i s  s i m p l y  
done b y  founding t h e i r  l imits .  
C o n s t r u c t i o n  of pa rame te r s  f o r  r i c e  r e c o g n i t i o n  
Using two d a t e s ,  r i c e  r e c o g n i t i o n  i s  not  very d i f f i c u l t .  Ln e f f e c t ,  on t h e  
f i r s t  d a t e  of a p r i l ,  t h e  paddy f i e l d s  a r e  f looded .  So by c l a s s i f i c a t i o n ,  t h e y  
wi1l';c'i.n t h e  same c l a s s '  a s  w a t e r .  S e l e c t i n g  a second d a t e  where they a r e  g reen  
( c h l o r o p h y l l )  i t  is  then  easy  t o  s e p a r a t e  them from t h e  water. 
' I -  , . 2 .  
I t  i s  what we’ ve done. 
A f t e r  c l a s s i f i c a t i o n  on t h e  f i r s t  d a t e ,  a mask i s  r ea3 ized  t o  i s o l a t e  what 
i s  damp on t h e  second d a t e .  Next c l a s s i f i c a t i o n  i s  done only on t h e s e  a r e a s  on 
t h e  second d a t e ,  t o  s e p a r a t e  r i c e  from w a t e r .  Nea res t  c e n t r o i d s  methods have 
been u s e d  f o r  t h e  c l a s s i f i c a t i o n s .  
Es t ima t ion  of  r i c e  a c r e a g e  i n  a s u b - p r e f e c t u r e  
With t h e  pa rame te r s  of r ice  e x t r a c t i o n ,  i t  i s  easy t o  count  i n  t h e  s t r a t a  2 
and 3 (concerned w i t h  r i c e )  t h e  number of p i x e l s  c l a s s i f i e d  i n  r i c e .  
Then i f  R i s  t h i s  number, and N t h e  t o t a l  number of p i x e l s  i n  t h e  two s t r a t a  
t h e  p r o p o r t i o n  of  r i c e  pe r  p i x e l  i s  r = E 
N 
So i f  f o r  some s u b - p r e f e c t u r e  we have t h e  number P of p i x e l s  f o r  t h e  two 
Determinat ion of P 
On t h e  28 q u a d r a t s  making u p  t h e  reduced image, we have f o r  each of them, 
t h e  e x t e n s i o n  of each type  a g r o - e c o l o g i c ,  and t h e  e x t e n s i o n  of each s t r a t u m . S o  
r e l a t i o n s  ( m u l t i p l e  l i n e a r  r e g r e s s i o n s )  can b e  c o n s t r u c t e d  between e x t e n s i o n  of  
t ype  ag ro -eco log ic  a n d  s t r a t u m .  
So a s  e x t e n s i o n  of  t y p e s  ag ro -eco log ic  does e x i s t ,  knowing them, permit  u s  
t o  c a l c u l a t e  t h e  e x t e n s i o n  of each s t r a t u m .  
T h e  r e l a t i o n s  a r e  such of : 
s t r a t a ,  we c a n  have t h e  number of  p i x e l s  i n  r i c e  by  t h e  formula : P H r. 
L 
P = t  U x B m + B O  m m= 1 
where P : e x t e n s i o n  of  t h e  stratum 
U m  : 
Bm a n d  Bo : e s t i m a t e d  c o e f f i c i e n t s  
e x t e n s i o n  of t h e  type  ag ro -eco log ic  m 
Conclusion 
The r e s u l t  o b t a i n e d  on t h e  Marovoay s u b - p r e f e c t u r e ,  o v e r e s t i m a t i o n  of  4 % ,  
i s  such t h a t  we t h i n k ,  t h a t  by  t h e  i n c r e a s e  o f  r e s o l u t i o n  ( S P O T ,  Thematic Mapper) 
t h e  c a p a b i l i t i e s  o f f e r e d  by  remote s e n s i n g  can be e x p l o i t e d  , i n  a n  o p e r a t i o n a l  
w a y ,  f o r  a g r i c u l t u r a l  s t a t i s t i c s  i n  t h e  deve lopp ing  c o u n t . r i e s .  
3 .  
R e f e r e n c e s  
K s h i r s a g a r ,  A . M .  ( 1 9 7 2 ) .  M u l t i v a r i a t e  A n a l y s i s ,  N e w  York  : Marcel D e k k e r  
H o c k i n g ,  R . R .  ( 1 9 7 6 ) .  " T h e  A n a l y s i s  a n d  s e l e c t i o n  of v a r i a b l e s  i n  L i n e a r  Regres- 
s i o n "  Biometr ics ,  3 2 ,  1-50 .  
P r e s s  
A n d e n b e r g ,  M . R .  ( 1 9 7 3 ) .  C l u s t e r  A n a l y s i s  f o r  A p p l i c a t i o n s . N e w  York  : '  A c a d e m i c  
E v e r i t t ,  B.S. ( 1 9 8 0 ) .  C l u s t e r  A n a l y s i s ,  2nd  e d i t i o n ,  London  : H e i n e m a n  E d u c a -  
t i o n a l  Book LTD 
F i s h e r ,  R . A .  ( 1 9 3 6 ) .  "The u s e  of  M u l t i p l e  M e a s u r e m e n t s  i n  ' I ' axonomic  P r o b l e m s "  
A n n a l s  of E u g e n i c s ,  7 ,  1 7 9 - 1 8 8 .  
H a r t i g a n ,  J . A .  ( 1 9 7 5 ) .  C l u s t e r i n g  A l g o r i t h m s ,  N e w  York  : J o h n  W i l e y  a n d  S o n s  
I n c .  
D e s a b i e ,  J. ( 1 9 6 6 ) .  T h é o r i e  e t  p r a t i q u e  d e s  s o n d a g e s ,  Par i s  : Dunod 
C o c h r a n ,  W.G. ( 1 9 7 7 ) .  S a m p l i n g  T e c h n i q u e s ,  T h i r d  e d i t i o n ,  N e w  York  : J o h n  W i l e y  
R i p l e y ,  B . D .  ( 1 9 8 1 ) .  S p a t i a l  S t a t i s t i c s ,  New York  : J o h n  WiLey a n d  S o n s .  
Houseman ,  E . E .  ( 1 9 7 5 ) .  Area Frame  S a m p l i n g  i n  A g r i c u l t u r e .  U n i t e d  S t a t e s  D e p a r t -  
a n d  S o n s .  
m e n t  o f  A g r i c u l t u r e  W a s h i n g t o n .  
